C oncentrations of nine heavy metals (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pd and Zn) were determined "in ; imported frozen'fish namely Mackerel (Scomber scolnbrus)^ ' Striped red mullet (Mullus surmuletus), Groster argentine {A rgentina silus), Commen pandora (Pagellus erytlvinus) and Atlantic horse mackerel (Trachurus trachurus). The average concentrations of the heavy metals analyzed exhibited the following decreasing order: Fe > Zn > Pb > Co > Cu > Cr > Mn > Ni > Cd. The concentrations of the studied heavy metals in fish tissues were lower than the Effect Range-Low (ERL) for such fish, while gill and liver exhibited elevation over the ERL for Cd only.
INTRODUCTION
The past three decades have witnessed an increased awareness of problems concerning food pollution. Among them, the heavy metals are one of the most persistent and accumulative pollutants. They are natural constituents of earth crust, thus, heavy metals pollution describes elevated concentrations in different environmental compartments to a level that is detrimental to living organisms (Robert, 1991) . Human beings are exposed to heavy metals via polluted air, water and food.
IN IMPORTED FROZEN FISH IN EGYPT
The present study was carried out to determine the levels of nine heavy metals (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn) in muscle (tissue), liver, and gill of five imported frozen fish namely: Mackerel (Scomber Scombrus), Striped red mullet (Mullus surmuleius), Groster argentine (Argentina silus\ Commen pandora (Pagellus erythhnus) and Atlantic horse mackerel (Trachurus trachurus), These fish species are commonly consumed as a popular diet in Egypt, specially for the average income people (Tables 1 and 2 ).
MATERIAL AND METHODS

Specimens of five of the imported fish namely: Mackerel (Scomber. Scombrus\ Striped red mullet (Mullus surmuletus), Groster argentine (Argentina silus), Commen pandora (Pagellus eryihrinus)
and Atlantic horse mackerel (Trachurus trachurus) ( Table 2) were collected from a fish market in Alexandria in January, 2003. Selection of samples was based on relative abundance and availability due to the wide array of imported species and sources of supply. From each species; eight fish were obtained, packed in ice and brought to the laboratory on the same day. Samples tissues, gill and liver of each species were dissected using clean equipment and put separately in petridishes'and transferred into an oven set to 70 °C to dry. Drying continued until all the wet tissues reached to a constant weight. Dry samples (triplicate each 0.4 g) .were put into digestion flasks followed by addition of 8 ml nitric acid (Mejck), 3 ml perchloric acid and heated at 80 °G:until all the materials were,dissolved. After digestion, samples were diluted, with deioni^ed water, filtered and completed using deionized water* to 25; ml. The resulting solutions were analyzed using flame atomic. absorption spectrophotometer (AAS) (Perkin Elmer, Model 2380 To prevent contamination, all used glass and plastic labware were previously washed in dilute nitric acid and deionized water.
Metal concentrations are reported as per dry weight of tissue and because metal pollution index (MPI) is measured as "per wet weight of tissue", the MPI calculation was performed by transforming all values to per wet weight values. These were calculated by dividing the dry values by 5, the wet/dry weight of most tissues.
RESULTS AND DISCUSSION
The determined levels of nine heavy metals in imported frozen fish samples are presented in Table 3 These results showed that Ni had a low tendency to accumulate in the liver for all studied fish than accumulation of Pb. Cadmium was found to accumulate in liver for most studied fish several times more than in gills and tissues. Copper was found accumulating in liver than Pb in most studied fish except Atlantic horse mackerel. According to Tolonen (1995) , in vertebrates, the highest concentrations of copper were found in liver, muscle, blood, head, and brain. IN IMPORTED FROZEN FISH IN EGYPT Cadmium concentrations in the studied fish ranged from 0.33 to 66 in tissues. 0.33 to 1.31 in gill and 1.64 to 29.2 in liver, with average concentration of 3.5 ± 7.42 mg kg" 1 dry weight. Cadmium concentrations were elevated in liver collected from Mackerel and Commen Pandora, while the tissues of all studied fish samples exhibited no significant elevation of cadmium. However, cadmium accumulating in liver, gill, kidney, rather than in muscle, may be replacing zinc in some enzymes, and has a long half-life time (10-30 years) (Kotsonis and Klaassen, 1977 and , In this study, cadmium concentrations in tissues were higher than the maximum acceptable limits reported by EPA (1995) but less than that reported by both CEFAS (1997) and NHMRC (1987) (Table 4) .
Copper was the third most abundant element for all studied samples, and the r highest concentration of copper was found in Mackerel liver 27.16 mg kg" ! dry weight, while the lowest one was found in Commen pandora tissue and gill L94 mg kg dry weight The highest concentration of copper reported in this study was less than the ERL (34 mg kg" 1 dry weight) and less than the maximum acceptable limits by MAFF (1956) 100 mg kg"" 1 (Table 4) . Iron concentrations ranged from 15.18 to 41.73 in tissue; 79.67 to 284.54 in gill and 159.34 to 887.77 in liver with average value 177.3 ± 217.86 mg kg' 1 dry weight. The highest iron concentration was found in liver of the Atlantic horse mackerel, while the lowest concentration was found in tissue of Commen pandora. Concentrations of iron in liver may be influenced by the amount of blood retained in tissue and therefore depends, in part, on the length of time between death of the fish and collection of the tissues (Thompson, 1992) . As the fish in this study was imported frozen fish., this will ensure that iron from liver tissues is measured rather than from the blood.
Zinc is the second most abundant element for all studied samples, which accumulates with concentrations comparable to accumulation of iron.
According to Law et ah (1992) , the concentration of zinc in the liver ranged between 80 and 400 mg kg" 1 . Zinc concentrations in the liver of Mackerel were much higher than in liver of other fishes. The highest concentration of zinc was 389.73 mg kg"! dry weight as reported in Mackerel and the lowest one was found in Atlantic horse mackerel (12.73 mg kg" 1 dry weight) with an average concentration of 89,95 ± 100.11 mg kg" 1 dry weight. The highest concentration recorded in this study was lower than ERM ). Lead was the third abundant metal accumulating in tissues following the iron and zinc. The highest concentrations of lead were found in gills followed by liver in most studied samples. The concentrations of Pb in this study were lower than the maximum acceptable limits recorded by BOE (1991) (25 mg kg" 1 ) ( Table 4) . Manganese concentrations ranged between 2,57 to 10.28 mg kg" 1 with average concentration of 5,57 ±2.26 mg kg"
1 . This study, showed more accumulation of manganese in gills than in both tissues and liver. According to Thompson (1992) , manganese concentrations in marine mammals are normally found in concentrations lower than 28 mg kg" 1 in any tissue. Cobalt concentrations were fluctuating between non-detected to 17.27 mg kg" 1 , with average concentration of 11.98 ± 3.33mg kg -1 . Chromium concentrations were ranging between non-detected to 10.76 mg kg" 1 with average concentration of 7.47 ± 2,19 mg kg" 1 , Chromium was more accumulated in gills than in tissues and liver for most studied samples. Nickel concentrations were ranged from nondetected to 8.11 mg kg" 1 , with average concentration of 4.73 ± 2.85 mgkg"
1 .
The overall metal content of imported frozen fishes were compared using the metal pollution index (MPI) calculated according to Usero et aL, (1996) ; Usero et aL (1997) The final MPI of each site is a weight mean value, as it was obtained taking into account the total weight offish. The calculated MPI was fluctuating between 0.9 and 4.42 with an average value of 2.18 ± 1.01. The higher MPI were recorded for liver for all studied fish, while the lowest MPI was found in fish tissues.
HUMAN HEALTH RISK ASSESSMENT
The human health risk assessment has been calculated for the studied fish, depending on the calculation made by Albering et aL (1999) . Ingestion offish (IF) (mg kg" 1 day"')= (CF x IRF x FI x AF) -BW Calculated lifetime daily intake (CLTDI) (mg kg { day l ) = [(6 x IFchiidJ -70] + [(64 x IFaduiO * 7] Hazard index = CLTDI ^tolerable daily intake (TDI) Where CF = concentration of the heavy metal contaminant in fish (mg kg" 1 wet weight); IRF = ingestion rate of fish (0.015 and 0.055 kg wet weight/day. for child and adult, respectively); FI ~ fraction contaminated (0.5 for both child and adult); AF = absorption factor (1 for both child and adult) and BW = Body weight (15 and 70 kg for child and adult, respectively); the TDIs for heavy metals could be derived from Bockting et al (1996) .
The calculation offish ingestion, lifetime daily intake (e.g. 70 years) and hazard index had been reported in Table 5 . The concentrations of heavy metals recorded for imported frozen fish tissues are still low, which gave the ingestion offish very low values. These values were multiplied by 10"° mg kg" 1 day" 1 , which gave low calculated lifetime daily intake (CLTDI) values, and therefore gave low hazard index values for all studied frozen fish tissues. The hazard index values were lesser than 1 for all studied samples, indicating no health risk on the consumers.
CONCLUSION
This study showed that heavy metal concentrations in the imported frozen fish were so far considerably lower than the ERL and lower than the maximum permissible levels for different countries. The calculations of risk assessment showed no possible health risk from the present heavy metals due to imported fish consumption. 
